Abstract
Introduction

38
Feline coronaviruses (FCoVs) are important pathogens of domestic cat populations 39 worldwide. FCoVs are also widespread among wild Felidae among others African and 40
Mountain lions (7, 26) . It is a considerable risk factor for captive and free-ranging 41
Cheetah (22). 42
FCoVs have two serotypes (12, 24, 27, 30) and both occur in two pathotypes, the 43 avirulent feline enteric coronavirus (FECV) and the virulent feline infectious peritonitis 44 virus (FIPV) (36). The marked difference between the two pathotypes is that the primary 45 replication site of FECV is localized in the lower portion of intestinal tract, whereas FIPV 46 efficiently replicates in macrophages and monocytes, and can cause generalized disease 47
(1, 2, 18, 21, 36). FIPVs arise most probably from FECV in the infected cat by genetic 48 alterations (50) affecting the spike (S) gene (41), ORF3abc (9, 10, 37, 50) and ORF7ab 49 (29, 50). Most authors suspect the role of ORF3abc region in the development of FIP. 50
FECVs have three ORFs in this region (21) and the protein sequences coded by these 51
ORFs in different isolates are invariably uniform in length and sequence. In contrast, the 52
2×10
6 cells/ml and cultivated at 37°C with 5% CO 2 . Cells were washed twice with 86 RPMI-1640 at 2 and 24 h after seeding in order to remove non-adherent cells. 87
For determination of growth kinetics of the viruses in the two cell-lines, cells were 88 infected at multiplicity of infection (MOI) of 0.1. After 1 h adsorption at 37°C, cells were 89 washed twice with the medium, and were incubated at 37°C with 5% CO 2 . To determine 90 the growth kinetics of the viruses in blood monocytes, cells were infected at MOI of 5 91
and after 1 h adsorption at 37°C, monocytes were gently washed five times with the 92 medium to remove residual virus and were incubated at 37°C with 5% CO 2 . 93
Titers of the extracellular and intracellular viruses were determined by titration of cell 94 culture supernatants collected at different time points on CrFK cells. Intracellular virus 95 titers were determined after washing monocytes five times with RPMI-1640, followed by 96 two freeze-thaw cycles. Supernatant was collected after low speed centrifugation (3000 x 97 g for 10 min) and supplemented to the original culturing volume with RPMI-1640. The 98 titers were calculated as TCID 50 /ml with the Reed and Muench method (40) . 99
The FIPV DF-2 strain was kindly provided by Berndt Klingeborn (SVA, Uppsala, 100 7 therefore the recovery of the recombinant FCoV type I virus with intact 3abc is of high 133 risk. Based on the data of the full-length genomic sequence of FIPV DF-2, primers were 134 designed to amplify overlapping fragments of the whole genome (Table 1) . Long-range 135 PCR assays were performed using the KOD Hot Start DNA Polymerase (Merck) to 136 generate PCR products ranging between 0.7 and 8.5 kb. Clones generated from the PCR 137 fragments were used to construct the final full-length clone of the FIPV DF-2 genome. 138
Restriction enzyme cleavage and cloning steps were performed according to standard 139 protocols (42). Restriction endonucleases and DNA modifying enzymes were purchased 140 from Fermentas (Vilnius, Lithuania) and New England Biolabs (Beverly, MA, USA). 141
The full-length cDNA clone of FIPV DF-2 was constructed in several steps (Fig. 1) . In 142 the first one, the pBeloBAC11 vector was digested with SfiI and SacII, and a multiple-143 cloning site containing SfiI, NarI, BstBI, ClaI, BamHI, XhoI, AsiSI, AvrII and SacII 144 recognition sites was inserted into the vector. Then, two DNA fragments, one containing 145 the poly(A) tail of the genome, the hepatitis delta virus (HDV) ribozyme, and the bovine 146 growth hormone termination and polyadenilation sequences (BGH), and the other 147 containing the 3' part of the M gene, the whole N gene, ORF7ab and 3'UTR were 148 amplified by PCR using the primers 3'SacIIF/3'SacIIR and 3'DF2F/3'DF2R, 149 respectively. The latter two fragments were joined together with PCR, digested with8 step, a fragment containing the S, ORF3abc, E, M, and partial N genes of the DF-2 157 genome was amplified using primers IIIF and IIIR, and it was cleaved with AsiSI and 158
AvrII and cloned into pBFIPV-I-II to obtain pBFIPV-I-II-III. Then, using the primers IVF 159 and IVR the 5' half of ORF1ab was amplified, digested with NarI and BstBI and cloned 160 into pBFIPV-I-II-III to get pBFIPV-I-II-III-IV. On the other hand, three fragments 161 covering the 3' half of ORF1ab were amplified with primers VF, VR, VIF, VIR, VIIF 162 and VIIR, digested with BstBI, ClaI, BamHI and XhoI and cloned into pBeloBAC11 to 163 obtain pBFIPV-V-VI-VII. The two large plasmid constructs were cleaved with BstBI and 164
XhoI and joined to get pBFIPV-I-II-III-IV-V-VI-VII. In the last step, the fragment 165 containing the 3'end of ORF1ab and the whole S gene was amplified using the primers 166 VIIIF and VIIIR, digested with XhoI and AsiSI and cloned to get the final pBFIPV-DF-2 167 clone. Sequences of the subclones as well as the final clone were verified by sequence 168 analysis. 169
170
Generation of a recombinant FIPV containing intact ORF3abc 171
The whole ORF3 region of CCoV Elmo/02 was amplified with primers ELMO5F and 172 ELMO3R (Table 2) Comparison of the genomic sequence of the highly virulent FIPV DF-2 with that of a DF-250 marked differences, a frameshift and a two-aa-long deletion strain between positions 252 3317-3331 occurred in the nsp6 protein of the vaccine strain. According to various 253 topology prediction programs (25, 49), these mutations affect the primary structure of the 254 predicted trans-membrane domain 4 of nsp6 (Fig. 4) . However, the secondary structure 255 and the topological feature of the nsp6 of the DF-2-derived vaccine strain was not 256 changed, hence the affected region most likely remains a functional part of the trans-257 membrane domain of nsp6 in both strains. More explicit differences were found in the 258
ORF3c protein of the vaccine strain that was 50 aa shorter on the N-terminal as a result of 259 a frameshift, and contained three aa substitutions. Furthermore, due to a 406 nt deletion in 260
ORF7b, the gp7b protein of the vaccine strain terminated after the 45th aa, and as a result 261 of a frameshift, only the first 40 aa were identical with those of FIPV DF-2. In contrast, 262 the intact 206-aa-long protein was present in the parent virus. Based on the data of the full-length genomic sequence of FIPV DF-2, primers were 274 designed to amplify large overlapping fragments of the whole genome (Table 1) . Usingunique restriction sites in the overlapping regions, the full-length genome was assembled 276 through eight intermediate constructs (Fig. 1) . At the 3' end, the cDNA was flanked by a 277 24-bp poly(A) tail, followed by the HDV ribozyme to release the full length genome from 278 the transcribed RNA with a correct 3'-end. The recombinant virus showed similar growth characteristics and reached the same 4×10 6 297 PFU/ml titer as its wild-type counterpart 24 h p.i. (Fig. 5A) . Similar results were obtained 298 using the CrFK cell line (Fig. 5B) . was detectable 6 h p.i., increased rapidly by 12 h p.i., then slowed down and peaked at 335 0.4×10 4 -2×10 4 PFU/ml intra cellular titer 24 h p.i. In contrast, replication of the 336 recombinant pBFIPV-DF-2-R3i was detectable 6 h p.i, but it peaked at approximately 2 337 log 10 lower values, 3×10 1 -5×10 2 PFU/ml titer 12 h p.i., and then the virus titer 338 significantly decreased (Fig. 5C) , indicating a drastically reduced productive infection. 339
The extracellular virus titers showed similar pattern with slightly lower titers (Fig. 5D) . 340 one order of magnitude in favor of the recombinant virus containing truncated ORF3abc 348 (Fig. 7a) . In CrFK, the genomic copy numbers ranged in 7×10 7 -1.2×10 8 /ml in the case of 349 both pBFIPV-DF-2 and pBFIPV-DF-2-R3i (Fig. 7a) . In feline monocytes, the pBFIPV-350 DF-2 reached 2.1×10 5 -1.2×10 6 /ml cellular copy numbers, while pBFIPV-DF-2-R3i gave 351 only 5.3×10 3 -2.5×10 4 /ml, indicating a copy number difference of about two orders of 352 magnitude in favor of the truncated ORF3abc containing virus (Fig 7b) . 
